1. Obelin, the Ca2+-activated luminescent protein from the hydroid Obelia geniculata, was sealed inside pigeon erythrocyte 'ghosts' in order to investigate effects on their permeability of different methods of preparation and of the bivalent cation ionophore A23187. 2. Changes in free Ca2+ within the 'ghosts' were studied by following the rate of luminescence of obelin. The possibility that the obelin might have been released from the 'ghosts' during an experiment was investigated by studying the release of inulin and pyruvate kinase from the 'ghosts'. Less than 10% of the inulin or pyruvate kinase sealed within the 'ghosts' was released under any of the experimental conditions. 3. Triton X-100 (0.1-10%, v/v) made the 'ghosts' highly permeable to Ca2+. In the presence of 1 mM-Ca2+ and Triton, 95-100 % ofthe obelin was utilized within 10-20 s. 4. A time-course ofresealing 'ghosts' at 37°C showed that over a period of 90min, the 'ghosts' became gradually less permeable to Ca.2+ 'Ghosts' which remained at 0°C retained only a small concentration of obelin and ATP, and were highly permeable to Ca(2+. 5. Erythrocyte 'ghosts' resealed for 30min at 200C rather than 37°C were more permeable to Ca2+, as shown by the fact that 92 % ofthe obelin in the 'ghosts' was utilized during the first 60s after the addition of 1 mmCa2+, as opposed to 44 % for 'ghosts' resealed at 37°C. 6. Haemolysis at pH6.0 rather than 7.0 resulted in 'ghosts' which were highly permeable to Ca2+ after resealing for 60mm at 37°C. Of the obelin in the 'ghosts', produced by haemolysis at pH6.0, 90% was utilized in the first 60s after the addition of 1 mM-Ca2+ compared with 23 % for 'ghosts' produced at pH7.0. 7. The bivalent cation ionophore A23187 increased the permeability of the 'ghosts' to Ca2 . Maximum effects of the ionophore (16,ug/ml) were obtained by preincubating the 'ghosts' with the ionophore A23187 (16,ug/ml) in the presence of a low concentration of Mg2+ and in the absence of Ca2 .
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It has been proposed that cyclic nucleotides and Ca2+ are intracellular mediators of hormone action and secretion (Robison et al., 1971 ; Rasmussen et al., 1972) . The concentration of free Ca2+ in the cell is probably in the range 0.1-1OpM, compared with a total cell [Ca2+] in the region of 1 mm (Baker, 1972; Ashley & Caldwell, 1974) . The role of Ca2+ in the mechanism of hormone action and secretion has been investigated in vitro by studying Ca2+ fluxes (Friedmann & Park, 1968; Werner et al., 1972) or the effect of addition of EGTA* (Exton et al., 1972; Katocs et al., 1974) , local anaesthetics (Kissebah et al., 1974; Siddle & Hales, 1974) or the ionophore A23187 (Selinger eta!., 1974) . None of these studies have been able to show definitively whether a particular hormone increases or decreases free cytoplasmic Ca or what the time-course of such a change might be. similar to aequorin, extracted from the hydroid Obelia geniculata, was used, since it can be obtained in sufficient quantities to carry out physiological experiments (Campbell, 1974; Ashley et al., 1975; Moisescu et al., 1975 Hydroids. Colonies of Obelia geniculata attached to fronds of the brown seaweed Laminaria species digitata, hyperborea, ochreleuca and saccharina were collected by skin divers in Plymouth Sound during the period June-September 1974.
Extraction andpurification of obelin
The hydroids were carefully cut off the seaweed; the obelin was extracted in 40mM-EDTA-200mM-Tris, pH7.0, and partially purified by (NH4)2SO4 fractionation as previously described (Campbell, 1974) . The obelin was purified and concentrated further by gel filtration on a Sephadex G-75 column (3cmx30cm) equilibrated in lOmM-Hepes-Imm-EDTA, pH7.0, followed by elution from a DEAEcellulose column (10cm x 1cm) equilibrated in lOmM-Hepes-0.ImM-EDTA, pH7.0, containing a salt gradient of 50-500mM-NaCl.
The obelin from the DEAE-cellulose column was then passed down a Sephadex G-25 column (5cm xl cm) equilibrated in lOmM-Hepes-lOplM-EDTA, pH7.0. To estimate the EDTA concentration in the effluent from the Sephadex G-25 column, a trace (approx. I pCi) of [14C]EDTA was added to the solution ofobelin put on the column. A 50,ul sample of this solution, together with a 50,u1 sample of effluent from the Sephadex G-25 column, was added to Triton-toluene scintillant (Siddle et al., 1973) and the radioactivity measured in a Packard Tri-Carb scintillation counter. The ratio of the radioactivities in the two samples was used to calculate the concentration of EDTA in the effluent from the Sephadex G-25 column. When this solution was added to the media described below, the final concentration of EDTA was always less than 0.24uM. Samples from the Sephadex G-25 column were freeze-dried after the addition of gelatin to a final concentration of 0.1 mg/ ml (Campbell, 1974) . The freeze-dried solid was stored in a desiccator at -70°C with no detectable loss in activity over a period of at least 6 months. This procedure resulted in a 200-1000-fold concentration of the active obelin from the crude extracts, with a yield of 10-20%, and a purification of 40-50-fold.
Assay of luminescence
Obelin luminescence, as with aequorin, is stimulated by Ca2+ and requires no other substrates or cofactors. Once the protein has luminesced there is no known method ofre-activating it. The standard assay for total obelin was to place a sample of obelin in 0.5ml of 200mM-Tris-O.lmM-EDTA, pH8.9, in a plastic tube (LP3; Luckam Ltd., Labco Works, Burgess Hill, Sussex, U.K.). The tube was placed in front of a highly sensitive, low-dark-current photomultiplier tube (P4232B, from Twentieth Century Electronics Ltd., Centronics, New Addington, Croydon CR9 OBG, U.K.; dark current 0.07nA at 1190V, overall sensitivity 200A/lm; or 9757A from E.M.I. Electronics Ltd., Hayes, Middx., U.K., dark current 0.21 nA at 920V, overall sensitivity 200A/ lm) in a specially constructed light-tight apparatus (Campbell, 1974) . The photomultiplier tube was connected to a scalar (Ekco Electronics Ltd., Maidenhead, Berks., U.K.; M5060A) and the total counts were recorded during the first 10s after the addition of 0.5ml of lOmM-CaC12. The CaC12 was added by injecting it from a syringe while the tube containing the obelin was in front of the photomultiplier tube. The background count in the absence of obelin was approx. 200 counts/lOs. The rate of luminescence was also measured by connecting the photomultiplier output to a rate meter (Ekco Electronics; M5190) which in turn was connected to a chart recorder (26000 X-Y, from Bryans Ltd., Mitcham, Surrey, CR4 4UL, U.K.). By knowing the maximum output of the rate meter, it was possible to calibrate the chart recorder in c.p.s. None of the substances used in the experiments described below affected the total number of counts. Only Mg2+ and univalent cations affected the rate of Ca2+-stimulated luminescence.
Ca2+ contamination in the medium
In (approx. 20'C) or at 37°C. After centrifuging at 27000g for 5min at 4°C, the pellet was washed three times in medium A (total volume of washes = 15-20ml). The ATP concentration in the final wash was undetectable (less than 40nM) and the obelin concentration less than 1 % of that in the final suspension. The 'ghosts' were resuspended in 0.5-1.Oml of medium A and the final volume was measured. The number of 'ghosts'/,ul of suspension was measured with a haemocytometer. Comparison with the number of cells in the original blood showed that there was no evidence of cell fragmentation. The 'ghosts' were stored for up to 4h at 0°C. Vol. 152 Leakiness of 'ghosts' to inulin andpyruvate kinase To investigate the possibility that luminescence of the obelin might be explained by its gradual release from the 'ghosts' into the medium, the release of two macromolecules, inulin (mol.wt. approx. 5000; information sheet, The Radiochemical Centre, Amersham) and pyruvate kinase (mol.wt. approx. 230,000; Bergmeyer, 1965) , was measured. Pigeon erythrocyte 'ghosts' were prepared as described above. The resealing medium contained an ATP-regenerating system (19 units of pyruvate kinase/ml) and 1 mg of [carboxy-'4C]inulin/ml (2.16pCi/mg). A portion (5O,ul) of the final 'ghost' suspension containing 5000-lOOOOd.p.m. of inulin and 15-30,uunits of pyruvate kinase was added to 0.5ml of medium A (lOmM-Tes, 140mM-NaCl, SmM-KCl, 2mM-MgCl2, pH7.4), and 0.5ml of medium A containing 2mM-Ca2+ was then added. To measure release ofinulin and pyruvate kinase from the 'ghosts', the medium containing the 'ghosts' was centrifuged for 2min in an Eppendorf microfuge at 40C. The supernatant was removed and the pellet resuspended in 0.2ml of 6mM-NaCl-3nmM-MgCl2. Samples (10-50,c1) were taken for assay of pyruvate kinase and added to 1 ml of medium containing 85.6mM-triethanolamine, 15mM-MgSO4, lOOmM-KCI, 1.2mM-phosphoenolpyruvate (potassium salt), 1.6mM-ADP (disodium salt), 0.25mM-NADH and 4.8 units of lactate dehydrogenase. The decrease in E340 was followed at 30°C in an Unicam SP. 8000 recording spectrophotometer. Inulin was measured in Triton-toluene scintillant (Siddle et al., 1973) in a Packard Tri-Carb scintillation counter. Quenching was corrected for by the method of internal channels-ratio. In all experiments, 6-12% of the inulin and less than 10 % of the pyruvate kinase were found in the supernatant after its separation from the 'ghosts'. The addition of 0.5ml of medium A containing 2mM-Ca2+ immediately after adding the 'ghosts' to 0.5ml of medium A, or after preincubation of the 'ghosts' with ethanol (2,u1/ml), or the bivalent cation ionophore A23187 (16,gg/ml) (for conditions see Fig. 5 ), resulted in the release of an additional 2-4% of inulin and no detectable pyruvate kinase. After the addition of 0.5ml of medium A containing 2mM-Ca2+ and Triton X-100 (2%, v/v) more than 95 % of the inulin and more than 90% of the pyruvate kinase was released into the medium.
Measurement of ATP
The ATP content of the 'ghosts' was measured by using a firefly luciferase assay (Siddle et al., 1973) after acidifying 50,ul of suspension with 50#1 of 10 % (w/v) trichloroacetic acid and extracting the trichloroacetic acid with 4 x 500,u1 of diethyl ether. ATP standards were taken through the same procedure.
ATP recovery in the medium was measured in 50,u1 samples taken at defined intervals. 9 257-Obelin recovery and incorporation into 'ghosts' Samples of incubation medium were taken at defined times during resealing and added to 0.5ml of 200mM-Tris-0.1 mM-EDTA, pH 7.0. The total counts duringthefirstlOsaftertheadditionofo.5ml of 10nmi-CaCI2 were recorded. In order to assay the obelin content of the 'ghosts', 10pl of 'ghost' suspension was added to 100l1 of 1 mM-EDTA or 1 mM-EGTA, pH7.0. Then O.5ml of 2O0mM0iTris-O.lnim-EDTA, pH8.9, was added and the total counts during the first 10-20s after the addition of 0.5ml of 10mM
CaC12 were recorded (Fig. 1) .
Effect of Triton X-100 on pigeon erythrocyte 'ghosts'
The effect of Triton X-100, at a final concentration of 0.01-10 % (v/v) in the presence of 1 mM-CaCI2, on 70 000 obelin luminescence in the 'ghosts' is shown in Fig. 1 .
In 'ghosts' lysed with Imm-EGTA or 0.1-10% (v/v) Triton X-100, 95-100% of the obelin luminesced within 10-20s. Triton X-100 (0.01 %, v/v) had no detectable effect on this 'ghost' preparation. To assay the obelin content remaining in the 'ghosts' at any time during the experiments described below, Triton X*100 in 0.5ml ofmedium A was added to give a final concentration of 1 % (v/v) and the total counts were recorded during the first 10-20s.
Quenching of luminescence by pigeon erythrocyte lysate
The emission maximum of obelin luminescence is at 475nm (Morin & Hastings, 1971) . This is close to the absorption maximum of haemoglobin. The addition of 10-200p1 of pigeon erythrocyte lysate, of known haemoglobin concentration, resulted in a decrease in the total number of counts recorded when obelin luminescence was stimulated by Ca2+ (Table 1) . Haemoglobin was measured by the cyanmethaemoglobin method (Davie & Lewis, 1970) . No decrease in luminescence was observed if medium alone was 'Ghosts' were prepared from lOml of blood as described in the Experimental and Results section. The haemolysis pH was 7.0. The 'ghosts' were resealed with an ATPregenerating system for 60min at 370C. The final 'ghost' suspension (2.5ml) contained 5.Ox106 'ghosts'/,l. The ATP content of the 'ghosts' was 2.8pmol of ATP/ul. 'Ghost' suspension (lO,l) +100pl of 1 mM-EGTA, pH7.0, were added to 0.5ml of 200mm-Tris-O.ImM-EDTA, pH 8.9, and 0.5 ml of 10 mM-CaCl2 was added (o). In other experiments 10u1 of 'ghosts' was suspended in 0.5ml of medium A (lOm1im-Tes, 140mM-NaCl, 5mM-KCl, 2mM-MgCl2, pH7.4), and 0.5ml of medium A+2mM-CaCl2 (U)+Triton X-100, 0.02% (@), 0.1% (A), 0 'Ghosts' were prepared from 14ml of pigeon blood. The haemolysis pH was 7.0, and the supernatant (38mg of haemoglobin/ml) from the initial haemolysis retained for quenching studies. The 'ghosts' were resealed with an ATP-regenerating system at 20°C for 30mn. The final 'ghost' suspension contained 4.77x 106 'ghosts'/,gl, and less than 10mg of haemoglobin/ml. Cell lysate (10-200pl) was added to 0.5 ml of200mm-Tris-0.1 mM-EDTA, pH 8.9, and then 0.5,1 of purified obelin was added. The total counts were recorded during the first lOs after the addition of 0.5ml of 10mM-CaCd2. added. The haemoglobin concentration in the final 'ghost' suspension was such that it should have produced a quenching of less than 10% in the experiments described below. In the experiment described in Table 1 , 20,u1 of 'ghost' suspension (equivalent to 50pl in other experiments) produced no detectable quenching, hence quenching was ignored in all further experiments.
Permeability of 'ghosts' to Ca2+
The relative permeability of the 'ghosts' to Ca+2 was assessed by measuring the rate of consumption of obelin in the 'ghosts' after the addition of Ca2+ at a final concentration of 1 mm. After the addition of Ca2+ to 'ghosts' suspended in medium A (lOmm-Tes, 140mM-NaCI, 5mM-KCI, 2mM-MgCl2, pH7.4), the rate ofluminescence was plotted on the chart recorder and the total number of counts produced every lOs recorded. The obelin utilized afterany given time was calculated by summing the total counts recorded up to this time and expressing them as a percentage of the total counts originally added. The latter was measured either separately or by the addition of Triton X-100 (final concentration 1 %, v/v) at the Vol. 152 end of the experiment, and by using the sum of all the counts recorded during the experiment as the 100% value for total obelin. The two methods resulted in values within 10% of each other.
An illustration of the chart-recorder trace of the rate of obelin luminescence from 'ghosts' incubated with 1 mm-CaCI2 is shown in Fig. 2 . After the addition of Ca2+, a peak in the rate of luminescence occurred within the response time of the chart recorder (100-200ms), and decayed within 1-2s. This peak could not have been caused by obelin contamination from the original resealing medium. It may have been due to obelin released from the 'ghosts' when the final pellet was resuspended or when the medium containing Ca2+ was added. The initial peak was followed by a slow increase and then a decrease in the rate of luminescence. This decrease could at least be partly explained by a loss of active obelin resulting from its utilization within the ghosts. The time to the peak of this second phase was measured in all experiments. A long time to this maximum, together with a slow rate of utilization of obelin, were interpreted as showing that the 'ghosts' were relatively impermeable to Ca2+. The noise on the chart-recorder traces appeared to arise from electrical noise in the apparatus. Table 2 . Time-course ofresealingpigeon erythrocyte 'ghosts' at 37°C 'Ghosts' from 10ml of pigeon blood were prepared as described in the Experimental and Results section. The haemolysis pH was 7.0. Samples (1 ml) were taken at defined times during resealing, centrifuged immediately at 4°C at 27000g for 5min and resuspended in 1.5ml of medium A (lOmM-Tes, 140mM-NaCl, 5mM-KCI, 2mM-MgCl2, pH7.4). This suspension remained at 0°C until the end of the experiment (90min), when all the 'ghosts' were washed three times in medium A and resuspended in medium A to give a final volume of0.7ml. The total obelin at the start ofresealing was 1.73 x 109 counts. The time (t) to maximum rate of luminescence was measured from the chart-recorder traces as described in Fig. 2 . The obelin and ATP content of the 'ghosts' and recoveries during resealing were measured as described in the Experimental and Results section. Each value represents the mean of at least two determinations. Obelin luminescence was assayed at 18'C. Time (s) Fig. 3 . Time-course ofresealing pigeon erythrocyte 'ghosts' at 370C 'Ghosts' were prepared as described in Table 2 . 'Ghosts' (501) resealed for 0(A), 15min(El), 30min(o), 45min (A), 60min (U), or 90min (0), at 37°C were suspended in 0.5ml of medium A (lOmM-Tes, 140mM-NaCl, 5mM-KCl, 2mM-MgCI2, pH7.4) at 18°C. Then 0.5ml of medium A+2mM-CaCI2 was added and the counts were recorded every IOs. After 60s, the remaining active obelin was measured by recording the total counts after the addition of 0.5ml of medium A+lmM-CaCl2+3% Triton X-100.
Time-course of resealing 'ghosts' at 37°C After haemolysis of pigeon erythrocytes at pH7.0, the 'ghosts' were resealed for up to 90min at 37°C ( Table 2 ). Loss of obelin activity in the suspension after 60min varied between 70 and 98 % in different experiments. This may have been due to Ca2+ released from the 'ghosts'.
A small quantity of obelin was found in 'ghosts' which remained at 0°C during the resealing (zero time, Table 2 ). There was apparently little or no spontaneous resealing at 0°C, since more than 95 % of the obelin was consumed within 60s after the addition of Ca2+ to the 'ghosts' (Fig. 3) , and the second peak in the rate of luminescence occurred within 6s ( Table 2 ). The largest concentration of obelin was found in 'ghosts' resealed for 15min, although the 'ghosts' appeared to become increasingly impermeable to Ca2+ up to 90min, as shown by the decrease in the rate of utilization of the obelin (Fig. 3) and the increase in the time at which the second peak occurred ( Table 2 ). The decrease in total obelin in the 'ghosts' resealed for between 15 and 60min was thought to be accounted for mainly by the inactivation of obelin during resealing. In fact the percentage decrease in total obelin in the 'ghosts' was less than that of the whole suspension.
There was a considerable variation in the ATP content of the 'ghosts' in different experiments (Table 2, 3 and 4). This was partly due to differences in the ratio of medium to 'ghosts' resulting in differences in the recovery of ATP, at least 99 % of which was lost within 60min.
Resealing 'ghosts' at room temperature Pigeon erythrocyte 'ghosts' prepared by haemolysis at pH7.0 were resealed for 30min at 37°C or 20°C (Table 3 ). The recovery of obelin in the incubation medium varied between 22 and 87 % at 37°C and 90 and 100 % at 20°C, the recovery always being greater at 20°C in any particular experiment. In spite of this, the obelin content of 'ghosts' resealed at 20°C was 70 % of that in 'ghosts' resealed at 37°C. Similarly the ATP content of 'ghosts' resealed at 20°C was 20% of that of 'ghosts' resealed at 37°C. The greater rate of utilization of obelin after addition of 1 mM-Ca2+ 1975 'Ghosts' were prepared from 2ml portions ofpigeon blood as described in the Experimental and Results section. The haemolysis pH was 7.0. Resealing was carried out in the presence ofan ATP-regenerating system for 30min at 20°C or 37°C. The total obelin in each tube at the start ofresealing was 1.67 x 108 counts. The final volume of each suspension was 0.66ml. The obelin and ATP content of the 'ghosts' and recovery in the medium after resealing were measured as described in the Experimental and Results section. 'Ghosts' (50,pl) were suspended in 0.5ml of medium A (lOmM-Tes, 140mM-NaCl, 5mm-KCl, 2mM-MgCl2, pH7.4) at 20°C. The percentage utilization (U) of obelin 60s after the addition of0.5ml ofmediumA+2mM-CaCd2 was measured. The time (t) to maximum rate of light-emission was measured as described in Fig. 2 'Ghosts' were prepared from 3 ml portions ofpigeon blood as described in the Experimental and Results section. The haemolysis pH was 6.0 or 7.0. Resealing was carried out for 30min at 37°C, in the presence of an ATP-regenerating system. The total obelin in each tube at the start of resealing was 1.90x 109 counts. The final 'ghost' suspension (1 .2ml) contained 2.0 x 106 'ghosts'/,pl. The obelin and ATP contents of the 'ghosts' were measured as described in the Experimental and Results section. 'Ghosts' (10l1) were suspended in 0.5ml of medium A (lOmM-Tes, 140mM-NaCI, Smm-KCI, 2mM-MgCI2, pH7.4) at 200C. The percentage utilization (U) of obelin 60s after the addition of 0.5ml of medium A+2mM-CaCl2 was measured. The time (t) to maximum rate of light-emission was measured from Fig. 4 as described in Fig. 2 Fig. 4 . Effect of pH of haemolysis on permeability of 'ghosts' to Ca2+ 'Ghosts' were prepared as described in Table 4 . 'Ghosts' (lopl), originally haemolysed at pH6.0 or 7.0 and resealed for 30min at 37°C, were suspended in 0.5ml of medium A (10mM-Tes, 140mm-NaCl, 5mM-KCl, 2mM-MgCl2, pH7.4) at 20°C. The rate of obelin luminescence was recorded on the chart recorder after the addition (t) of 0.5ml of medium A+2mM-CaCl2. After 60s (t), 0.5ml of medium A+1 mi-CaCl2+3%0 Triton X-100 was added. Rate-meter time-constant 0.01 s, lOmV output equivalent to 10000c.p.s.
Effect ofpH of haemolysis on resealing of 'ghosts'
It has been reported that haemolysis of human erythrocytes at pH6.0 results in a more uniform 'ghost' population, relatively impermeable to cations after resealing (Schwoch & Passow, 1973) . The effect of haemolysing pigeon erythrocytes at pH6.0 and 7.0 was investigated (Table 4 , Fig. 4 ). There was no detectable loss of obelin in the suspension during resealing with 'ghosts' haemolysed and washed at pH 6.0, compared with a loss of 73% with ghosts haemolysed at pH7.0. This may have been due to displacement and removal of Ca2+ from the 'ghosts' at pH 6.0. However, the 'ghosts' haemolysed at pH7.0 contained more than twice the amount of obelin and five times the amount of ATP compared with 'ghosts' haemolysed at pH 6.0. The percentage utilization ofobelin in 'ghosts', haemolysed at pH 6.0, incubated for 60s with 1 mM-Ca2+ was twice that of 'ghosts' haemolysed at pH7.0 (Table 4) . A comparison of the rates of luminescence after addition of Ca2+ (Fig. 4) showed that both the initial and second peaks were higher for 'ghosts' haemolysed at pH 6.0 than for 'ghosts' haemolysod at pH 7.0, and the second peaks occurred at 3.5s and 22.6s respectively. These data suggested that the 'ghosts' haemolysed at pH6.0 were both less stable, releasing ATP and obelin on resuspension, and considerably more permeable to Ca2+ than 'ghosts' haemolysed at pH7.0. 'Ghosts' haemolysed at pH6.0 were therefore unsuitable for studying effects of membrane agents of free Ca2+ within the 'ghosts'.
Effect of ionophore A23187 on 'ghosts'
The ionophore A23187 appears to increase the permeability of membranes to bivalent cations (Reed Selinger et al., 1974) . Since the ionophore binds Mg2+ and Ca2+, it has been suggested that in order to be most effective it is necessary to preincubate tissues or membranes with the ionophore in the absence of bivalent cations Selinger et al., 1974) . By using the rate of luminescence of obelin as a measure of free Ca2+ inside 'ghosts', this has been tested with pigeon erythrocyte 'ghosts' (Figs. 5a  and 5b ). 'Ghosts', resealed at 37°C for 60min, were used to investigate the effect of the ionophore. Preincubation of 'ghosts' with ionophore A23187 (16pg/ml) in the presence of 0.2mM-Mg2+ but in the absence of Ca2+, followed by the addition of Ca2+ alone or Ca2+ and Mg+, resulted in more than 95 % of the obelin being utilized within 60s, compared with 24% in the control (Fig. 5a ). The effect of the ionophore was markedly decreased if 2mM-Mg2+ was present during the preincubation (Fig. 5a) . No effect ofthe ionophore was observed in the experiment if it was addea in the presence of Mg2+ and Ca2+. The rate of luminescence recorded on the chart recorder (Fig. Sb) showed that preincubation with the ionophore in the presence of 0.2mM-Mg2+ [Fig. 5b, (i) and (ii)] but in the absence of Ca2+ resulted in an immediate rapid increase in the rate of luminescence after the addition of Ca2+
Preincubation in the presence of 2mM-Mge+ [Fig. 5b, (iii) ] resulted in a decrease in the rate of luminescence after the addition of Ca2+ but was still detectably greater than that of the control.
Discussion
Obelin, the Ca2+-activated luminescent protein from the hydroid Obelia geniculata, was inserted into 'ghosts' prepared from pigeon erythrocytes in order to study changes in free [Ca2+] within the 'ghosts'.
Obelin luminescence can be stimulated by Ca2+ or Sr2+ and is inhibited by Mg2+, univalent cations or a decrease in pH (Campbell, 1974; Moisescu et al., 1975) . Although an extensive kinetic analysis has yet to be carried out on obelin, it appears that the effects on the rate of obelin luminescence described in the present paper can be explained entirely by changes in free Ca2+. Apart from the initial peak in the rate of luminescence, obelin luminescence appeared to be occurring from within the 'ghosts' in all experiments. The perhaps unlikely possibility that aequorin may be released from giant cells such as the squid axon has been discussed (Baker et al., 1971) . At present it is not possible to rule out release of obelin from 'ghosts' by measuring inactivated obelin. Negligible amounts of inulin (mol.wt. approx. 5000) and pyruvate kinase (mol.wt. approx. 230000) were released from the 'ghosts' under all conditions except in the presence of Triton X-100. It therefore seemed unlikely that any significant quantities of obelin (mol.wt. approx. 30000; Campbell, 1974) were released into the medium.
When the rate of utilization of the luminescent protein is small, such that the amount of active protein remains approximately constant, or when the free Ca2+ concentration is constant, it is possible to measure the free Ca2+ concentration in experiments in vivo (Ashley & Ridgeway, 1968 , 1970 Baker etal., 1971) . In the 'ghost' experiments described here, the free Ca2+ concentration within the 'ghosts' appeared to change during the experiment and significant quantities of the obelin were consumed. Thus it is not possible at present to relate obelin luminescence in the 'ghosts' to actual concentrations of free Ca2+. However, ifit is assumed that the free Ca2+ concentration remains constant from the second peak in the rate of light emission (Figs. 2, 4 and 5), it may be possible to estimate the free Ca2+ concentration within the 'ghosts'.
The preparation of human erythrocyte 'ghosts' has been investigated by a number of workers. A considerable number of variables in the haemolysis Fig. 5. Effect ofionophore A23187 onpigeon erythrocyte 'ghosts' 'Ghosts' from 5ml ofpigeon blood were prepared as described in the Experimental and Results section. The haemolysis pH was 7.0. Resealing was carried out for 60min at 37°C. The resealing medium contained 2.56 x 108 obelin counts. The recovery of obelin after 60mnm resealing was 7.6%. The final 'ghost' suspension (1.5ml) contained 3.3 x 106 'ghosts'/,ul, 3.7pmol of ATP/pl, and 736 obelin counts/ul. Obelin luminescence was assayed at 200C. 'Ghosts' (504gl) were suspended in 0.5ml of medium A (initial Mg2+ concentration 0.2mm or 2mM). This suspension was incubated for 20s with ionophore A23187 (16jug/ml) orethanol (2pu1/ml). Then O.5 ml ofmediumA+2mM-CaCl2 was added (final Mg2" concentration 0.2mM or 2mM).
The number of counts was recorded every lOs and the rate of luminescence recorded on the chart recorder. After 60s the remaining active obelin was measured by recording the total counts after the addition of 0.5ml of medium A+1 m M-CaCI2 +3% Triton X-100. (a) Percentage utilization of obelin; (b) Rate of obelin luminescence. Rate-meter time-constant 0.01s, lOmV output equivalent to 1000 c.p.s., except after the addition of Triton X-100, when lOmV output was equivalent to lOOOOc.p.s. Control, 2,p1 of ethanol/ml during preincubation; A23187, 16,pg of A23187/ml during preincubation. (Whittam, 1962; Dodge et al., 1963; Bramley et aL, 1971; Bramley & Coleman, 1972; Hanahan et al., 1973; Schwoch & Passow, 1973; Wessels et al., 1973; Wessels & Veerkamp, 1973a,b) . The haemolysis medium used in the present experiments was based on that of Glynn & Hoffman (1971) , except that ATP was omitted.
Resealed avian erythrocytes have not been prepared by many other workers (Harris & Brown, 1971) . In keeping with human erythrocyte 'ghosts', pigeon erythrocyte 'ghosts' resealed at 37°C were less permeable to Ca2+ than 'ghosts' resealed at 20°C (Schwoch & Passow, 1973) . It has been reported that it is difficult to prepare human erythrocyte 'ghosts' which are relatively impermeable to cations if the osmolarity of the haemolysis medium is less than 30-4OmosM (Schwoch & Passow, 1973) , and that the optimum haemolysis pH is 6.0. The studies reported in the present paper show that pigeon erythrocyte 'ghosts', relatively impermeable to Ca2+, can be prepared by resealing for at least 60min at 37°C (Table 2 and Fig.  3 ) and that haemolysis at pH6.0 rather than 7.0 resulted in 'ghosts' initially highly permeable to Ca2+ (Table 4 and Fig. 4 ). It has also been reported that resealing human erythrocyte 'ghosts' can result in several populations in the same suspension with different permeabilities to proteins and cations (Schwoch & Passow, 1973) . The data obtained for pigeon erythrocyte 'ghosts' do not allow any conclusions to be drawn about the heterogeneity of the final suspension. The presence of 3mM-Mg2+ during haemolysis may be an important factor enabling resealed 'ghosts' to be obtained, whereas the low osmolarity enabled sufficient haemoglobin to be removed to prevent significant quenching of obelin luminescence (Fig. 1) . Under certain conditions, 'inside-out' erythrocyte 'ghosts' can be prepared (Steck et al., 1970; Weiner & Lee, 1972; Buckley, 1974) . The conditions of preparation of the pigeon erythrocyte 'ghosts' make it unlikely that this was occurring here.
A Ca2+-activated Mg2+-dependent ATPase responsible for maintauiing a low intracellular free Ca2+ concentration has been identified in human erythrocytes (Schatzmann & Vincenzi, 1969; Schatzmann, 1973) . The low osmolarity of the medium used to haemolyse the pigeon erythrocytes may have resulted in loss of the activity of this enzyme (Bramley et al., 1971; Hanahan et al., 1973) . The greater recovery of obelin in the 'ghosts' compared with that in the whole suspension ( Table 2 ) might suggest that the free Ca2+ concentration within the 'ghosts' was less than that in the medium. Attempts have been made to compare the relative permeability to Ca2+ of 'ghosts' prepared in the presence and absence of ATP. Unfortunately the poor recovery of obelin and low ATP content of the 'ghosts' in these experiments prevented any definite conclusions being reached so far.
The bivalent-cation ionophore A23187 (Reed & Lardy, 1972) has been shown to stimulate K+ release from the parotid Selinger et al., 1974) and secretion of catecholamines from the adrenal (Garcia et al., 1975) , to activate fertilization in eggs from several species (Steinhardt et al., 1974) , to stimulate Ca2+-dependent K+ efflux from rat erythrocytes (Reed, 1973) , and to induce Ca2+ release from isolated sarcoplasmic reticulum (Entman et al., 1972; Scarpa etal., 1972) , and Ca2+ and Mg2+ release from mitochondria (Reed & Lardy, 1972) . The results reported here for pigeon erythrocyte 'ghosts' (Fig.  5a and 5b ), although at a somewhat higher concentration of ionophore A23187, agree with those of other workers Selinger et al., 1974) in that maximum effects of the ionophore are obtained by preincubation with a low concentration of Mg2+ in the absence of Ca2+. There appears to be a competition between the ionophore binding to the membrane and its remaining in solution bound to Ca2+ or Mg2+.
The results of the present investigation show that the Ca2+-activated luminescent protein obelin can be inserted into pigeon erythrocyte 'ghosts'. These 'ghosts' can be prepared relatively impermeable to Ca2+ and can be used to study the effects ofmembrane agents on free Ca2+ within the 'ghosts'. Before investigating possible effects of hormones on this system, it will be necessary to increase the ATP concentration within the 'ghosts' and to ensure that they contain a reasonably high activity of Ca2+ activated ATPase.
